The possible source of the production of neutrino with large masses is considered. For this purpose the reaction ν e + n → e − + p + γ, in which the electron in ν e eW + vertex is produced off-mass-shell, is studied.
In the Standard Model a neutrino does not have any mass. Renormalised and gauge invariant mass terms for neutrino might be itroduced expanding the Model either at the expense of introducing the new sterile states or total lepton-number violation. In the first case a neutrino is called a Dirac neutrino, whereas in the latter one it is named as Majorana neutrino. They are coincided with their antiparticles. The sterile neutrinos do not couple to the Z and W bosons. The number of the active neutrino states is restricted by the measurements of the Z boson width and is assumed to be a three. Following the cosmological data, we can assume the existence of more than one sterile neutrino mixed with the active ones.
Neutrino interactions are contained in the CC part of the electroweak theory Lagrangian:
where g is SU(2) gauge coupling constant and current j CC α reads:
Looking at the Lagrangian (1),(2), we can see that it is symmetrical relatively to the weak leptonic doublets. This symmetry is especially pronounced for the pair ν e , e, since the electron mass m e is highly small and in the calculations at neutrino energy ∼ 1 GeV of our interest it is often assumed to be equal zero.
In the present work we consider the following reaction:
that is the reaction
We will study the parameters of the reaction (3) with the off-shell electron in the final state: the mass of this electron, its angular distribution, cross section etc. The above parameters are extracted from the analysis of the reaction (5). It should be noted that the process (3) and reaction
where e − is on the mass shell are not coherent. Accounting for the structureless of the leptons, one can use the Lagrangian (1), (2) for the description of production of electrons both on-mass-shall (6) and off-mass-shell (3),(5).
It is no doubt, that due to the fact that the Lagrangian (1), (2) is hermitian (the CP -violation < 10 −3 of cross section of weak interactions) the cross sections of the reactions
and (6) are the same at the equel collision energy (assuming that m e = 0). The interaction in the vertex (1), (2) with the off-shell electron production may be observed only in reaction (5). The cross section of it is about of ∼ α from the one of the process (6).
If the reaction
where ν * e is off-mass-shell, does not exist than CP-violation in the vertex (1),(2) will be at least at the level of ∼ α on weak interaction. It is possible to say that such reaction is forbidden due to the uncertainty principle because the life-time of ν * e is substantially larger than that of e − * . This means large CP-violation in the off-shall production of e − * and ν * e , what is needed to be checked experimentally. The off-shell spectrum of ν * e from (8) is similar to that of e − * in (3),(5). In the case if the three flavor neutrino mixing with the sterile neutrino exists, this leads to the transition of the off-mass-shell neutrino ν * e into the on-mass-shell sterile neutrino ν s with the corresponding mass. In such a manner the suppressing action of the uncertainty principle is excluded completely or partly.
In ref.
[1] the cross section of reaction
has been estimated at low neutrino energies (E ν ∼ 1 GeV). This reaction contributes to the one photon background in the experiments on determination of the neutrino oscillation parameters. The gauge invariant amplitude of the reaction (9) has been obtained in [1] by adopting the Low theorem with taking into account the two diagram with the emission of photon, respectively, from muon and proton (See, Fig.1 ).
In the present work we are interested in the off-mass-shell behavior of an electron. The diagram with the excited electron gives us such possibility. We are not interested in the exact calculation of the cross section of process (5) with the employing of the gauge invariant amplitude. The more so as the second diagram with the photon emission from the proton contributes to the cross section of reaction (5) less than the diagram with the exited electron. We will perform our calculations in order of magnitude of the mass of an off-shell electron e − * . The cross section of the reaction
where in the parenthesis the 4-momenta of nucleons, leptons and photon are indicated, in lab system can be represented as follows:
Here, ω is the neutrino energy; M is the nucleon mass; ω ′ is the electron energy (the mass of the on-mass-shell electron is specified as m e =0); E γ , θ γ are the energy and polar angle of the photon in the lab frame; θ k ′ , ϕ k ′ are, respectively, lab polar and azimuthal angles of the final electron in the ground state.
The amplitude of the reaction (10) is given by
where ε * λ is the polarization of photon, q = k − k ′ , g V , g M and g A are the weak formfactors of the νn interaction with the charged current [3] . [4] .
By using eqs. (11), (12), we calculate in our approach the cross section of the reaction (10). It is shown in Fig.2 as a function of neutrino energy E ν in the region of 1 ÷ 5 GeV. We also calculated the averaged over the cross section the effective masses (Fig.3 ) and polar anglex (Fig.4) of the e − * . Fig.5 shows a distribution of the e − * effective mass as a function of photon energy E γ , whereas Fig.6 displays a distribution of the emission angle of e − * as a function of E γ at a fixed neutrino energy E ν = 1 GeV.
Turning back to the preceding relatively to the analogy of reactions (3) and (8), it is possible to suggest the following. When the neutrino with small mass is produced in some reaction, in it is possible also the creation of neutrino with large masses, depending from the kinematics of reaction or decay, with the cross section which is suppressed by ∼ α compared to that for production of neutrino with small mass in this process. An estimate of these large neutrino masses can be obtained from the analysis which is similar to that just performed by us for the specific reaction. This is one of the possible mechanisms for the production of sterile neutrinos. There is reason to search the neutrino with large masses experimentally. Fig. 2 . The dependence of the cross section of the reaction ν e + n → e − + p + γ on the initial neutrino energy E ν . Fig. 3 . The dependence of the e − * effective mass in the reaction ν e +n → e − +p+γ on the initial neutrino energy E ν . Fig. 4 . The dependence of the e − * effective emission polar lab angle in the reaction ν e + n → e − + p + γ on the initial neutrino energy E ν . Fig. 5 . The distribution of the e − * effective mass as a function of photon energy E γ at a fixed neutrino energy E ν = 1 GeV. Fig. 6 . The distribution of the emission polar angle of e − * as a function of photon energy E γ at a fixed neutrino energy E ν = 1 GeV.
